In Paracerceis sculpta, a Gulf of California isopod, a-males usually defend aggregations of breeding females within the spongocoels of intertidal sponges. Breeding isopods are also found in habitats other than sponges, but interactions among individuals in these locations are poorly known. To investigate plasticity in male-male interactions associated with mate acquisition in breeding habitats other than sponges, we examined the behavior of pairs of a-males in two distinct environments; those in which breeding sites were absent, but females were present, and those in which both breeding sites and females were absent. We established males as residents in the presence and in the absence of females by allowing them to occupy arenas for 1 h before intruders were introduced. Residents and intruders engaged in significantly more total acts and grappled more in the presence of females than when females were absent. In the presence of females, residents became active first in most cases, and gripped females more than intruders. Latency to activity was significantly longer when receptive females were present than when they were absent. However, residents seldom interacted with intruders when females were lacking. Our results suggest that in locations other than sponges, a-males compete for females and can recognize their status as residents and as intruders. These results also suggest that, as in many vertebrate and invertebrate species, P. sculpta a-males attempt to mate opportunistically, and that contests for mates in atypical breeding habitats may be common in nature. We discuss the importance of distinguishing rare and highly contingent behaviors from those likely to represent adaptive behavioral plasticity, and we propose a simple criterion of commonality for their identification in behavioral analyses.
INTRODUCTION
In most animal species, male reproduction is limited by the availability of sexually receptive females (Bateman, 1948; Williams, 1966; Wade, 1979; Clutton-Brock, 1988; Shuster and Wade, 2003) . Males must compete for access to mates, and sexual selection is expected to favor male characteristics that permit individuals to overpower or exclude other males in reproductive competition (Darwin, 1874; Wade and Arnold, 1980) . Because ecological circumstances favor particular sets of male and female characteristics, mating systems are usually characterized by the specific circumstances that attend breeding pairs (Emlen and Oring, 1977; Thornhill and Alcock, 1983 ). Species are typically described as ''harem forming'' or ''socially monogamous,'' depending on the types and durations of male-female bonds that are most common in the natural population (review in Shuster and Wade, 2003) .
When circumstances allowing reproduction are more variable, breeding pairs may form under conditions that appear species atypical (Elner and Beninger, 1995; Jormalainen and Shuster, 1999; Shine et al., 2003) . While seemingly adaptive, and often treated as such (Sih et al., 2004) , the observed behavior need not represent what is often called ''adaptive behavioral plasticity'' (Clark et al., 1997; Shuster and Wade, 2003; see below) . Unusual behaviour could represent the activities of aberrant individuals who are destined to be removed from the population by selection. They could also represent aberrant activities stimulated by unfamiliar surroundings. Distinguishing adaptation from aberrancy is a common problem for behavioral biologists. We know of no widely recognized criterion for making this distinction.
In the northern Gulf of California, the sphaeromatid isopod, Paracerceis sculpta breeds primarily within the spongocoels of calcareous sponges (Leucetta losangelensis, Shuster, 1987a, b) . Most males in this population, 81% (Shuster and Wade, 1991) possess rugose pleotelsons and elongated posterior appendages (uropods) that are used in contests with other males. These ''a-males'' usually establish breeding sites within sponges, females are attracted to spongocoels occupied by a-males, and breeding assemblages form that may include as many as 19 females per a-male in single-male assemblages, and as many as 52 females in multiple-male assemblages (Shuster, 1987a; Shuster and Wade, 1991; Shuster, unpublished data) . Alpha-males compete for control of these aggregations, and body size confers an advantage in spongocoel defence and takeover (Shuster, 1990) . However, after females enter sponges, males spend little time guarding individual mates (Shuster, 1992) . The details of male polymorphism in this species, including descriptions of b-and c-males, which comprise 4% and 15% of the male population, respectively, are available in Shuster et al. (2001) , and Shuster and Wade (2003) .
Reproductive behavior occurring outside of sponges is poorly known in P. sculpta, although reproductive individuals, including mature males, as well as mature, premolt females and females bearing developing young, are regularly collected from subtidal algae (Shuster, 1986) . In the northern Gulf of California, sponge populations crash in midsummer, forcing breeding individuals into habitats not usually occupied by this species, e.g., demosponges (Haliclona), tunicates, and rocky substrates (Shuster, 1986 (Shuster, , 1991 . Isopods from this population readily mate and brood young in laboratory containers (Shuster, 1990 (Shuster, , 1991 (Shuster, , 1992 . Paracerceis sculpta is also known to be an invasive species, with populations recorded worldwide from a range of intertidal and subtidal locations (review in Ariyama and Otani, 2004) . These results suggest that reproduction by P. sculpta may not be exclusive to infaunal habitats.
Our goal in these experiments was to observe the premating behavior of male isopods in two distinct environments. Our experimental design considered the behavior we observed as norms of reaction; i.e., as the interaction between individual genotype and environmental conditions that produces a recognizable phenotype (Roff, 1996; Shuster and Wade, 2003) . Our two environments were those in which breeding sites were absent, but females were present, and those in which both breeding sites and females were absent. Our specific aims were to determine whether males performed recognizable behavior in each of these circumstances, as well as whether the behavior of males in each situation differed in measurable ways.
In our experiments, we described the fractions of individuals who responded similarly to two types of environmental cues. The first cue was the absence of breeding sites. The second cue was the availability of sexually receptive females. We tested three specific hypotheses regarding the effects of these cues on male-male competition: 1) if males found these experimental circumstances unfamiliar, we expected to observe no consistent patterns in male behaviour, 2) if males who were established first in arenas recognized themselves as ''residents,'' we expected these males to behave more aggressively than ''intruder'' males introduced later, and 3) if males allowed to associate with potential mates recognized themselves as residents, we expected resident males to compete with intruder males more readily and more intensely in the presence of females than in their absence.
Our results showed that a-males do exhibit consistent behavioral patterns in arenas that lack usual breeding sites, and that these activities differed from those usually observed at breeding sites. Furthermore, a-males competed for females in such circumstances, and appeared to recognize their status as residents and as intruders. Opportunistic mating attempts by males in many species appear to be adaptive, but few studies have documented the details of male mating behavior in locations other than normal breeding habitat. Our results show that P. sculpta a-males behave in particular ways when they encounter receptive females outside of sponges. We suggest that contests for mates in these locations are sufficiently common in nature to have favored the evolution (or retention) of contact mate guarding behavior in a crustacean species that usually breeds within cavities.
MATERIALS AND METHODS
To examine the behavior of a-males when sponges were unavailable and receptive females were present (Treatment 1), 20 field collected a-males (residents) were placed into separate 250 ml cylindrical polyethylene arenas containing seawater and a receptive female for 1 h before each trial. When within sponges, receptive females usually pair with a-males within this time (Shuster, 1992) . Because all females used in these experiments were behaviorally receptive, but had not yet undergone their reproductive molts (Shuster, 1992) , our experiments focused exclusively on male interactions that occurred before mating.
After 1 h, a size-and age-matched a-male (an intruder), was introduced to the resident's arena (see Shuster, 1990 Shuster, , 1992 for further details on this protocol). For 20 min, all behaviors were recorded by one of us (SMS) on audio tape, including latency to first act, contact (a low intensity act directed toward a male or female), male-male grappling with uropods or walking legs (an aggressive act initiated by one toward the other male), rolling up (a defensive posture in response to contact or a grappling attempt), and gripping of the female by a male in a contact guarding posture (Shuster, 1981; Jormalainen and Shuster, 1999) .
To examine the behavior of a-males when sponges and receptive females were absent (Treatment 2), 20 field collected a-males were established in separate arenas. After 1 h, a size-and age-matched a-male intruder was introduced to each container. All behaviors occurring within 20 min were recorded as described above. Ten of the 20 residents and 10 of the 20 intruders were used in both treatments. The order in which males experienced each treatment was balanced across both treatments, and no individuals were used twice in the same treatment. All contests in both treatments were observed between 18:00 and 02:00 hrs under red light. All individuals were handled, maintained and returned to their habitats as described in Shuster (1990 Shuster ( , 1991 Shuster ( , 1992 .
To determine whether: 1) the behavior of males used in both treatments differed from that of males used in only one treatment, 2) the behavior of residents differed from that of intruders, and 3) the presence of females influenced male behavior, we used 3-way ANOVA to examine the effects of male experience class (CLASS ¼ used once; used twice), male identity (ID ¼ resident; intruder), and experimental treatment (TMT ¼ female present; female absent) on the total number of acts performed by each male in our experiments. We used 2-way ANOVA to examine the effects of male identity and treatment on the number of times males grappled. To compare the number of interactions by residents and intruders with females, and the latency to first activity by residents, we used 1-way ANOVA. Lastly, we used R 3 C and 2 3 2 G-tests to compare the number of trials in which residents and intruders initiated activity in the presence and in the absence of females. To minimize observer bias, data analyses were conducted by only one of us (EMA).
RESULTS
Our 3-way ANOVA to examine variation in total male acts was significant overall (F [7, 81] ¼ 2.16, P ¼ 0.047). However, only experimental treatment (TMT; F ¼ 12.02, P , 0.001; Table 1 ) had a significant effect on the total number of acts performed by individual males. Stated differently, the presence of females appeared to significantly increase the activity of males regardless of male identity and experience ( Fig. 1) , but neither the number of times a male was used (CLASS: F ¼ 2.44, P ¼ 0.12) nor the male's identity as resident or intruder (ID: F ¼ 0.23, P ¼ 0.63) significantly influenced overall male activity. Furthermore, none of the The details of behavior performed by residents and intruders were distinct, in the presence and in the absence of females, both in the ways residents and intruders associated with females as well as in their responses to each other. Resident males in all cases (N ¼ 20; Treatment 1) associated themselves closely with females, either maintaining a contact guarding position similar to that observed in non-cavity dwelling sphaeromatids (Shuster, 1981; Jormalainen and Shuster, 1999) , or remaining within a body length of the female. When females were present (in Treatment 1), 12/20 (60%) of residents contacted intruders, 9/20 (45%) of residents grappled with intruders and 14/20 (70%) of residents gripped and retained the female during the trial. Also in Treatment 1, 13/20 (65%) of intruders contacted residents, 11/20 (55%) grappled with residents and 4/20 (20%) of intruders attempted to grip the females during the trial but were repulsed by the resident. Neither residents nor intruders rolled up during any of these trials. When females were present, there was no significant difference in the average number of acts performed by individual residents (mean 6 95%CI ¼ 3.05 6 1.22, N ¼ 61) and intruders (2.55 6 1.10, N ¼ 51; Fig. 1a) , and there was no significant difference in the average number of grapples engaged in by residents (1.15 6 0.47) and intruders (1.45 6 0.73; Fig. 2a ).
Females were absent in Treatment 2. Here, 10/20 (50%) of residents contacted intruders, 5/20 (25%) of residents grappled with intruders, and 3/20 (15%) of residents rolled up during the trial. Also in Treatment 2, 9/20 (45%) of intruders contacted residents, 4/20 (20%) of intruders grappled with residents and 4/20 (20%) of intruders rolled up during the trial. When females were absent, there was no significant difference in the average number of acts performed by individual residents (mean 6 95%CI ¼ 1.40 6 0.77) and intruders (1.15 6 0.61; Fig. 1b) , and no significant difference in the average number of grapples engaged in by residents (0.40 6 0.33) and intruders (0.25 6 0.24; Fig. 2b) .
Our 2-way ANOVA to compare the number of times resident and intruder males grappled in contests with and without females was significant (F [3, 79] ¼ 5.00, P ¼ 0.003), with a significant effect of treatment (F ¼ 14.16, P , 0.001), but no significant effect of male identity (F ¼ 0.08, P ¼ 0.77) and no significant interaction (F ¼ 0.75, P ¼ 0.39). Thus, the presence of females significantly increased the male tendencies to grapple regardless of their identity as residents or intruders (Fig. 2c) .
Our 1-way ANOVA of the number of interactions with females, which usually involved gripping the female, showed that resident a-males had significantly more of Fig. 1 . The total number of acts performed by residents (black columns) and intruders (white columns). a, Treatment 1, females present (mean 6 95%CI: residents 3.05 6 1.22; intruders 2.55 6 1.10), b, Treatment 2, females absent (mean 6 95%CI: residents 1.40 6 0.77; intruders 1.15 6 0.61). c, There was no significant difference in the average number of acts performed by individual residents and intruders within each treatment (F ¼ 0.36, P ¼ 0.55), but relative to Treatment 2, the presence of females significantly increased the activity of males in Treatment 1 (F ¼ 12.25, P ¼ 0.001).
these interactions (1.15 6 0.57) with females than intruder a-males (0.30 6 0.57; F ¼ 5.90, P , 0.02; Fig. 3 ). Our 1-way ANOVA to compare latency to first activity by residents between treatments showed longer latency by resident males when receptive females were present than when females were absent (F ¼ 9.17, P ¼ 0.008). Across all trials, there was a significant effect of the presence or absence of females on resident and intruder behavior (G adj ¼ 10.98, P , 001, d.f. ¼ 2; Fig. 4a ). Interactions between males occurred more often when females were present than when females were absent ([resident acts þ intruder acts] vs no acts, G adj ¼ 6.21, P , 0.025, d.f. ¼ 1). Furthermore, among those trials in which interactions occurred (N ¼ 29), resident a-males initiated interactions with a-male intruders more often when females were present in arenas (14/20), than when females were absent (4/20), whereas intruder a-males initiated interactions with a-male residents more often when females were absent (7/20) from arenas than when females were present (4/20; G adj ¼ 4.68, P , 0.05, d.f. ¼ 1, Fig. 4b ).
DISCUSSION

Interactions Among P. sculpta Males and Females
In our experiments, we found consistent male behaviors associated with mate defense and acquisition that were distinct from those displayed in typical breeding habitat (Shuster 1990 (Shuster , 1991 (Shuster , 1992 . These results also suggest that, as in many vertebrate and invertebrate species, The total number of grapples performed by residents (black columns) and intruders (white columns). a, Treatment 1, females present (mean 6 95%CI: residents 1.15 6 0.47; intruders 1.45 6 0.73). b, Treatment 2, females absent (mean 6 95%CI: residents 0.40 6 0.33; intruders 0.25 6 0.24). c, there was no significant difference in the average number of acts performed by individual residents and intruders within each treatment (F ¼ 0.08, P ¼ 0.77), but relative to Treatment 2, the presence of females significantly increased the activity of males in Treatment 1 (F ¼ 14.21, P , 0.001). Fig. 3 . In Treatment 1, resident a-males (black columns; 1.15 6 0.57) interacted with females significantly more often than intruder a-males (white columns; 0.30 6 0.57; F ¼ 5.90, P , 0.02).
P. sculpta males guard their mates and may attempt to mate opportunistically, suggesting that contests for mates outside of normal breeding habitat may be common in nature. The presence of sexually receptive females clearly affected malemale competition by a-males in P. sculpta. Males had significantly more total interactions with each other and grappled more in the presence of females than when females were absent from arenas. Furthermore, the increase in the distributions of acts and grapples by residents and intruders in the presence of females was not due to the influence of a few individuals (Figs. 1-2) . Instead, the presence of females in Treatment 1 appears to have stimulated a larger proportion of males to increase their activity and to grapple more than when females were absent. There was no significant effect of using some males as residents in Treatment 1 and as intruders in Treatment 2. Fig. 4 . a, There was significant heterogeneity in how activities were initiated by males when females were present in arenas (black columns), compared to when females were absent in arenas (white columns; G adj ¼ 10.98, P , 0.001, d.f. ¼ 20); in particular, interactions between males occurred more often when females were present than when females were absent ([resident acts þ intruder acts] vs no acts, G adj ¼ 6.21, P , 0.025, d.f. ¼ 1); the height of each column represents the number of trials in each treatment; total trials per treatment ¼ 20. b, Considering only trials in which interactions occurred (N ¼ 29), resident a-males initiated interactions with a-male intruders more often when females were present in arenas, whereas intruder a-males initiated interactions with amale residents more often when females were absent from arenas (G adj ¼ 4.68, P , 0.05, d.f. ¼ 1).
Resident males gripped females more than intruder males. Such activity may be a form of mate guarding (Jormalainen, 1998) because residents, by definition, had previously associated with females in these trials for at least 1 h. This latter observation is noteworthy because within Leucetta sponges in nature as well as within artificial sponges in the laboratory, P. sculpta males tend not to engage in extensive contact guarding of mates, and tend not to retain females after copulation (Shuster, 1989 (Shuster, , 1990 . In contrast, males in other non-cavity dwelling sphaeromatid species tend to engage in prolonged mate guarding, both before and after copulation (review in Jormalainen and Shuster, 1999) . Although we did not observe mating because only premolt females were used in these experiments, contact guarding by P. sculpta males was more extensive than has been observed in spongocoels in other experiments (Shuster, 1990 (Shuster, , 1991 (Shuster, , 1992 , suggesting that increased male tendencies to physically defend their mates may also constitute a behavioral response to mating opportunities occurring outside of sponges.
Although resident males usually initiated activity when females were present (Treatment 1), contrary to our expectations, latency to first activity by resident males was significantly greater when females were present than when they were absent. This difference may be explained by the small number of residents who initiated activity in this treatment. However, intruders initiated activity more often than residents when females were absent, but seldom initiated activity when females were present, suggesting that males recognized their status as intruders and residents, and sought or avoided contests accordingly. Residents and intruders rolled up only in Treatment 2, suggesting that this act may represent a defensive posture observed only in low intensity interactions. In 5/20 Treatment 1 trials (25%), the female initiated contact with the resident male, suggesting that mate guarding in this species may involve some cooperation by females.
Neither residents nor intruders were passive during these experiments, suggesting that treatment conditions did not inhibit resident or intruder behavior in recognizable ways. Furthermore, in each set of experiments, significant proportions (15-70%) of the individuals designated as residents and intruders performed the activities we monitored. The presence of more individuals in each arena in Treatment 1 (females present) may have simply increased the overall activity of these individuals relative to individuals in Treatment 2 (females absent). However, this conclusion is mitigated by three observations: 1) latency to first act in Treatment 2 exceeded that in Treatment 1, 2) resident males in Treatment 1 directed their guarding activities toward females and their aggressive activities toward intruding males, and 3) defensive behavior by resident and intruder males appeared only in Treatment 2. If three vs. two individuals per arena simply caused greater disturbance, more defensive activities are likely to have been observed. These results corroborate our assertion that the behaviors we identified were typical of males in these circumstances; that is, in situations in which breeding opportunities exist outside of isopods' usual breeding habitats.
A Criterion for Investigating Behavior in Atypical Circumstances
When individuals are placed into circumstances that differ from those they usually encounter, as male isopods were in these experiments, they may behave in two possible ways. Individuals may perform completely aberrant behaviors because the novel environment is unfamiliar to them in all respects, or, individuals may perform a ''recognizable'' set of behaviors, that are identifiable by the experimenter because multiple individuals within the experimental population express them. How can unfamiliar circumstances stimulate seemingly integrated sets of responses in different individuals? One possible explanation is that the ''novel'' experimental circumstances, in fact, resemble circumstances encountered by ancestral members of the experimental organisms' population, and, because these ancestors responded to such circumstances in a way that enhanced their fitness, the tendency for extant members of the population to respond in kind persists. This hypothesis views behavioral plasticity as a quantitative trait that has been shaped by past selection (Roff 1996; Shuster and Wade 2003) . As such, an individual's behavioral phenotype is part of a distribution of similar phenotypes within a population, whose expression represents the interaction between genetic factors that permit the behavior, and environmental cues that stimulate it.
If the genetic factors influencing the expression of a behavioural phenotype are normally distributed-a reasonable assumption if behavior is influenced by many genes of individually small effect-then the fraction of the population that responds to an environmental cue will depend on the cue's intensity (Dempster and Lerner 1950; Gianola and Norton 1981) . When cues are weak or absent, few or no individuals in the population will respond to it. In contrast, as the cue becomes more intense, an increasing fraction of the population will respond. The relative fitness of individuals who respond appropriately, given the average cue intensity, will determine the average genotype for that population, which in turn, will determine how readily the average individual in that population responds to a given environmental cue.
''Behavioral plasticity'' describes flexibility in behavioural responses to variable environments and is generally presumed to be common (Bonnet et al., 2005; Badyaev, 2005) . Shuster and Wade (2003) have argued that the evolution of behavioral plasticity requires three conditions: 1) inheritability; the existence of genetic factors underlying particular behavioral variants, 2) predictability; the frequent appearance of environments favoring reproduction by these variants, and 3) consistency; consistent, positive selection, relative to other evolutionary forces acting on the population, favoring behavioral variants that are capable of plastic responses to environmental variation. Contrary to the circumstances in which it is usually described (see WestEberhard, 2003; Sih et al., 2004) , this view suggests that adaptive behavioral plasticity evolves only in environments that are common, highly predictable, and which favor the reproduction of a significant proportion of the total population.
For most behavioral analyses, separating potentially adaptive from non-adaptive variation can be difficult. It is usually impossible to measure the heritability, frequency and fitness for behavioral traits without detailed laboratory or field analyses. Adaptation is indeed, an ''onerous concept'' (Williams 1966) . For this reason, we suggest the following simple criterion for initially distinguishing potentially adaptive behaviors from mere phenotypic variants: the expression of the behavior must be recognizable in a significant fraction (. 5%) of individuals within the population when a common stimulus is applied. This criterion was met for all of the behaviors documented for P. sculpta in the experiments described above.
This criterion serves an important and often neglected function. It eliminates from further evolutionary consideration certain aberrant behaviors, such as attempts by males to copulate with inanimate objects (Dickerman, 1960; Thornhill and Alcock, 1983; Lehner, 1988; Meshaka, 1996) , or remarkable feats of skill or agility performed by single individuals (Patterson et al., 1991; West-Eberhard, 2003) . Unless extraordinary fitness gains can also be shown to attend these unusual activities, there is little chance that they will be increased in frequency by selection.
This criterion is neither arbitrary nor easily met (Shuster and Wade, 2003) . For example, suppose that in a given environment, a particular behavior is expressed by 5% of the population, and that by performing the behavior, individuals gain a positive fitness advantage, b. In the same environment, suppose that the remaining 95% of the population, because they do not perform the behavior, experience a fitness cost, c. In the absence of drift, migration or mutation, the rare behavioral trait can increase in frequency within the population only if its average effect on individual fitness is positive, i.e., if (0.05b þ 0.95c) . 0. In this case, the fitness advantage gained by performing the behavior must be more than 19 times greater than the fitness cost of not performing it. If the trait is sex-limited, and therefore is exposed to selection in only half of the population, the fitness advantage conferred must be nearly 40 times greater than the cost. The simple rule is this: the rarer the trait, the more of a fitness advantage it must confer to persist within the population.
This criterion of ''commonality'' satisfies, at least until more detailed analyses can be conducted, all three requirements for the evolution of behavioral plasticity (Shuster and Wade, 2003) . Genetic inheritability is the simplest explanation for the appearance of a behavior within a population at frequencies greater than expected by chance (Darwin, 1859) . Environmental predictability and evolutionary consistency are also revealed, for the same reason, when more than 5% of a population responds in the same way to a particular stimulus. The appearance of a common behavioral phenotype suggests that the stimulus eliciting the behavior has been experienced by a significant fraction of the population at some time in the past, and furthermore, that the observed, common response has been favored in a consistent way by selection. The criterion of commonality does not guarantee that a behavioral variant meeting it is indeed an evolved trait; it simply provides sufficient justification for investigating the variant further as such. More importantly, it provides a simple way for experimenters to avoid seeking adaptive explanations for the existence of rare individuals.
Certainly, behavior by its very nature is polymorphic, and distinct behavioral phenotypes may in some cases persist at frequencies less than 5% (Shuster, 1987a; Sinervo, 2001; West-Eberhard, 2003) . However, such cases are explained by the necessary relationship between a phenotype's relative fitness and its population frequency (Shuster and Wade, 2003) . To persist within a population, rare phenotypes, particularly those appearing in less than 5% of the population, must confer disproportionate fitness advantages. Furthermore, the circumstances in which these advantages are gained must be common, or selection will be infrequent and thus weak. For example, in Paracerceis sculpta, two other genetically distinct male phenotypes, b-males and c-males, coexist with a-males (Shuster et al., 2001 ). Betamales do not appear in most population samples, and less than 4% of the male population may consist of b-males over time (Shuster, 1989) . However, when aggregations of females with a-males become large and b-males invade these aggregations, they obtain an average of 60% of the available fertilizations (Shuster, 1992; Shuster and Wade, 1991) . Despite their low population frequency, the extremely high fitness that b-males obtain within breeding sites appears to allow this highly specialized phenotype to persist.
The behavioral results presented here for Paracerceis sculpta meet the criterion of commonality. Although the behaviors we observed were not performed under the usual circumstances in which this species breeds, a-males consistently recognized themselves as residents and as intruders. They responded to the presence of females in consistent ways and they attacked each other in ways likely to enhance their mating success. Our results indicate that as in many other animal species, P. sculpta a-males attempt to mate opportunistically, and that contests for mates outside of normal breeding habitat are likely to be common in nature.
